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&RYHU 7KH ILHOG H[SHULPHQW DW8OWXQD 6ZHGHQ2QH\HDUROG VKRRWV RI ZLOORZ











SURGXFWLRQ RI ZLOORZV JURZQ LQ FRQWUROOHG DQG ILHOG H[SHULPHQWV :LOORZV DUH
VXVFHSWLEOH WR ZHHG FRPSHWLWLRQ DQG ZHHGV DUH D PDMRU FRQVWUDLQW LQ ZLOORZ
HVWDEOLVKPHQW DQG ELRPDVV SURGXFWLRQ 7KH SRWHQWLDO ULVN RI ORQJODVWLQJ ZHHG
LQIHVWDWLRQV LQ FURSV FXOWLYDWHG DIWHU ZLOORZ WHUPLQDWLRQ LV DOVR RI FRQFHUQ 7KXV WKH




SODQWLQJ WLPH FORQH DQGZHHG WUHDWPHQW 1RQGRUPDQW FXWWLQJV SODQWHG HDUO\ LQ WKH
VHDVRQ VSURXWHG HDUOLHU DQG KDG VLPLODU DERYHJURXQG ELRPDVV SURGXFWLRQ DV GRUPDQW
FXWWLQJV:LOORZJURZQIURPQRQGRUPDQWFXWWLQJVSODQWHGODWHULQWKHVHDVRQKDGORZHU
FRPSHWLWLYH DELOLW\ WKDQ GRUPDQW FXWWLQJV 6XUYLYDO ZDV QRW DIIHFWHG E\ SURSDJXOH
SKHQRORJ\ EXW ZDV KLJKHU IRU ZLOORZV JURZQ IURP FXWWLQJV  WKDQ IURP ELOOHWV
DQGLQZHHGHGWKDQLQXQZHHGHGSORWV0RUHDERYHJURXQGELRPDVV












GRHV QRW LPSRVH ULVN RI ZHHG LQIHVWDWLRQ WR VXFFHHGLQJ FURS 7KHUHIRUH ZLOORZ


























































































































































KD LQ6ZHGHQ -RUGEUXNVYHUNHW :LOORZVKRUW URWDWLRQ FRSSLFH
65&LVDVRXUFHRIUHQHZDEOHHQHUJ\WKDWFDQUHSODFHIRVVLOIXHOVWRJHQHUDWH
HOHFWULFLW\ WUDQVSRUWHQHUJ\DQGKHDW:027KXVLWFDQFRQWULEXWHWR
DOOHYLDWLRQ RI JUHHQKRXVH JDV FRQFHQWUDWLRQV LQ WKH DWPRVSKHUH DQG WR
LPSURYHPHQWRIHQHUJ\VHFXULW\DQGVXVWDLQDEOHGHYHORSPHQW 0F&RUPLFN	
.nEHUJHU  )XUWKHUPRUH IROORZLQJ WKH WUHQGV IRU SUHVHUYDWLRQ RI
ELRORJLFDOGLYHUVLW\RQJOREDO DQG ORFDO VFDOH (8DQGZLWKLQ WKHQHZ
FRQFHSW RI PXOWLIXQFWLRQDO ODQGVFDSH 6VHJDQH et al.  ZLOORZ 65& LV
UHJDUGHGDVDQLPSRUWDQWFRPSRQHQWRIWKHDJULFXOWXUDOV\VWHPFRQWULEXWLQJWR
SUHVHUYDWLRQ RI ELRGLYHUVLW\ RQ WKH DJURHFRV\VWHP OHYHO +MXOIRUV 	 +MHUSH
$XJXVWVRQ et al.  DQG SURYLGLQJ QXPHURXV HFRV\VWHP IXQFWLRQV
LQFOXGLQJFDUERQDQGQXWULHQWVHTXHVWUDWLRQDQGF\FOLQJ%UHVVOHU et al.
(QV et al.5RZH et al.5\WWHU
 %LRPDVVSURGXFWLRQLQZLOORZ65&
'XHWRLWVLQKHUHQWUHJHQHUDWLRQDELOLW\ZLOORZFDQEHSURSDJDWHGYHJHWDWLYHO\
E\ PHDQV RI IUDJPHQWHG ZRRGHQ VKRRWV DFWLQJ DV SURSDJXOHV e.g. FXWWLQJV
)LJXUH$DQGELOOHWV)LJXUH%7KLVPHWKRGRIZLOORZSURSDJDWLRQZDV
SUREDEO\ GHYHORSHG IRU RVLHU SURGXFWLRQ EDFN LQ DQFLHQW WLPHV 3UDQFH 	
1HVELWW,WZDVUHYLYHGLQH[SHULPHQWDOZLOORZFXOWLYDWLRQVLQWKHHDUO\
V 6WRWWDQGKDVEHHQFRQWLQXRXVO\XVHG VLQFH WKHQ ,VHUEUDQGV	







0RVW FRPPRQO\ZLOORZ65& LV HVWDEOLVKHG IURPDSSUR[LPDWHO\FP ORQJ
FXWWLQJV)LJXUH$SODQWHGYHUWLFDOO\LQVRLO&XWWLQJVDUHSUHSDUHGIURPRQH
\HDUROG VKRRWVKDUYHVWHG IURP WKH ILHOGDIWHUJURZWKFHVVDWLRQ DQG VWRUHGDW




PLQLPLVHV LQWUDVSHFLILF FRPSHWLWLRQ DQG VHOIWKLQQLQJ EXW DOVR IDFLOLWDWHV
PHFKDQLVHGPDQDJHPHQW VXFK DVZHHGLQJ IHUWLOLVDWLRQ DQGKDUYHVW /DUVVRQ

7KHH[SHFWHGSURGXFWLYHOLIHWLPHRIZLOORZ65&UDQJHVIURPWR\HDUV7KH








XQLTXH KDELWDW LQZKLFK IORUDP\FRIORUD DQG IDXQD FDQ HVWDEOLVK UHVLGH DQG
SURSDJDWH5RPDQR et al.%DXP et al.&DPSEHOO et al.9RQN
5HGGHUVHQ 1XPHURXV VWXGLHV UHSRUW WKH UROHRIZLOORZ65& LQ
IORULVWLF GLYHUVLW\ SUHVHUYDWLRQ LQ DJURHFRV\VWHPV )RU H[DPSOH *XVWDIVVRQ




FURSODQG LV VWLOO VWURQJO\ GHEDWHG DPRQJZLOORZJURZHUV 6RPH YLHZZLOORZ
65&DVDIORULVWLFGLYHUVLW\KRWVSRWDQGUHIXJHIRUSODQWVSHFLHVHOLPLQDWHGIURP
DUDEOH DUHDVE\PDQDJHPHQW RSHUDWLRQVZKLOH RWKHUV VXVSHFWZLOORZ65&RI
EHLQJ DQ LQFXEDWRU RI ZHHG SURSDJXOHV WKDW PD\ VSUHDG WR DQG LQIHFW
QHLJKERXULQJFURSODQG0RUHRYHUWKHUHDUHXQDQVZHUHGTXHVWLRQVDERXWWKHULVN
RI ORQJODVWLQJ ZHHG LQIHVWDWLRQV LQ FURSV HVWDEOLVKHG DIWHU ZLOORZ 65& LV
WHUPLQDWHG DQG ZKHWKHU ZHHGV GHYHORSHG LQ WKH ZLOORZ XQGHUVWRUH\ KDPSHU
ZLOORZJURZWK$QVZHULQJWKHVHTXHVWLRQVZRXOGQRWRQO\UHVROYHWKHFRQFHUQV
RIIDUPHUVEXWDOVRKHOSWRGHWHUPLQHZKHWKHUZLOORZ65&FDQVLPXOWDQHRXVO\




7KLV WKHVLV IRFXVHVRQELRORJLFDODVSHFWVRIZLOORZFXOWLYDWLRQEXW WKHVHDOVR
KDYH VLJQLILFDQW FRQVHTXHQFHV IRU WKH HFRQRPLFV RI ZLOORZ SURGXFWLRQ 7KH





&XOWLYDWLRQ RI ZLOORZ LV D ORQJWHUP FRPPLWPHQW EXW WKH JUHDWHVW ILQDQFLDO
LQYHVWPHQWVDUH UHTXLUHGDW WKHSKDVHRIZLOORZ65&HVWDEOLVKPHQWDQGHDUO\





,Q RUGHU WR UHQHZ LQWHUHVW LQ ZLOORZ FXOWLYDWLRQ DQG VWUHQJWKHQ LWV HFRQRPLF
YLDELOLW\ FRVW VDYLQJV LQ HVWDEOLVKPHQW DQGPDQDJHPHQW RI ZLOORZ 65& DUH
UHTXLUHG %XFKKRO] 	 9RON  (ULFVVRQ et al.  7RLYRQHQ 	

















SODQWLQJ +RZHYHU VXFK FROG VWRUDJH LV ORJLVWLFDOO\ GHPDQGLQJ DQG
DSSUR[LPDWHO\RIWKHWRWDOFRVWRIWKHSODQWLQJPDWHULDOFDQEHDWWULEXWHG
VROHO\WRWKHFROGVWRUDJHUHTXLUHPHQW/HQDcVKHLP6DOL[HQHUJL(XURSD$%











WKH SODQWLQJ FRVW +RZHYHU ZLOORZ FORQHV 9 DQG 2ORI JURZQ IURP
SURSDJXOHV SUHSDUHG IURP DFWLYHO\ JURZLQJ RQH\HDUROG ZLOORZ VKRRWV





















*UR	&XOVKDZ +RZHYHUZKHQ GHVLJQHG IRU D FHUWDLQ SXUSRVH e.g.







ZKLFK DFFRXQWV IRU DSSUR[LPDWHO\  RI WRWDO SODQWLQJ FRVWV SHU KHFWDUH
5RVHQTYLVW

7KH FRVW RI SODQWLQJ RSHUDWLRQV FDQ EH UHGXFHG E\ XVLQJ OHVV VSHFLDOLVHG
PDFKLQHV DQGRU OHVV SODQWLQJPDWHULDO ,Q'HQPDUN D VXJDUFDQHSODQWHU KDV







ZLOORZ 65& HVWDEOLVKPHQW +RZHYHU LQ D VWXG\ FRPSDULQJ YHUWLFDO DQG
KRUL]RQWDOSODQWLQJV\VWHPV0F&UDFNHQ et al.VKRZHGWKDWWKHDPRXQWRI
DERYHJURXQG ELRPDVV SURGXFHG IURP ZLOORZV JURZQ IURP ELOOHWV ZDV
VLJQLILFDQWO\ ORZHU WKDQ WKDW SURGXFHG IURP ZLOORZV JURZQ IURP FXWWLQJV
7KHUHIRUH DFFRUGLQJ WR WKDW VWXG\ WKH SRWHQWLDO IRU D FRVW UHGXFWLRQ E\ XVLQJ
ELOOHWVLVSRRU0F&UDFNHQ et al.

+RZHYHU/DUVHQ et al. DVKRZHGWKDW WKHGLIIHUHQFHLQDQQXDOELRPDVV




DOVR WR SURYLGH HYLGHQFH WKDW WKH SODQWLQJ V\VWHP ZLWK ELOOHWV FDQ EHFRPH







QHHGV WREHZHLJKHGDJDLQVWJDLQV LQ WKH ORQJWHUPSHUVSHFWLYH:LOORZ65&
HVWDEOLVKHG IURP YHUWLFDOO\ SODQWHG FXWWLQJV PD\ EH PRUH XQLIRUP WKDQ WKDW
HVWDEOLVKHGIURPKRUL]RQWDOO\SODQWHGELOOHWVe.g.QRJDSVLQWKHVWDQGFDXVHGE\




$JDLQVW WKLVEDFNJURXQG WKH VWXGLHVSUHVHQWHG LQ WKLV WKHVLVZHUH LQLWLDWHG WR











 :HHGLQJ LV XVXDOO\ UHTXLUHG RQO\ DW HVWDEOLVKPHQW DQG HDUO\ JURZWK
+ROOVWHQ et al.EXWZHHGFRPSHWLWLRQFDQKDYHORQJODVWLQJHIIHFWVRQ
ELRPDVVSURGXFWLRQ LQZLOORZ65&7KLV LVEHFDXVHZLOORZGRHVQRW UHFRYHU
IURPGDPDJHGXHWRZHHGFRPSHWLWLRQLQWKHHVWDEOLVKPHQW\HDU&OD\	'L[RQ












QRQGRUPDQW YHUVXV GRUPDQW SODQWLQJ V\VWHP YHUWLFDO FXWWLQJV YHUVXV
KRUL]RQWDOELOOHWVSODQWLQJWLPHDQGZLOORZFORQHRQHDUO\JURZWKSHUIRUPDQFH
RIZLOORZ6XVFHSWLELOLW\RIZLOORZVWRZHHGFRPSHWLWLRQLVFRQVLGHUHGDPDMRU
FRQVWUDLQW LQ ZLOORZ FXOWLYDWLRQ 7KH SRWHQWLDO ULVN RI ORQJODVWLQJ ZHHG
LQIHVWDWLRQLQVXFFHHGLQJFURSVDIWHUZLOORZWHUPLQDWLRQPD\DOVREHDFRQFHUQ
7KHUHIRUH DGGLWLRQDO DLPVRI WKLV WKHVLVZRUNZHUH WRHYDOXDWH L HIIHFWVRI

























GRUPDQW YHUVXV GRUPDQW RQ HDUO\ JURZWK SHUIRUPDQFH SDUDPHWHUV RI WKUHH
ZLOORZFORQHVJURZQXQGHUGLIIHUHQWZHHG WUHDWPHQWVDQGSODQWLQJGDWHV LQD
FRQWUROOHG EXFNHW H[SHULPHQW 7KH IROORZLQJ K\SRWKHVHV ZHUH WHVWHG LQ WKH
VWXG\SKHQRORJLFDOGHYHORSPHQWLQWHUPVRIEXGEXUVWLZLOOEHIDVWHUIRU
QRQGRUPDQWFXWWLQJVFRPSDUHGZLWKGRUPDQWFXWWLQJVDWHDUO\SODQWLQJGDWHV




























GXULQJ VL[ JURZLQJ VHDVRQV LQ D ORQJWHUP ILHOG H[SHULPHQWZLWKZLOORZ DQG
















EHIRUH LWV WHUPLQDWLRQ LQ ZLQWHU  DQG LQ ZLOORZ 65& DQG FHUHDO VWDQGV
HVWDEOLVKHGWKHUHDIWHUGXULQJVL[JURZLQJVHDVRQV3DSHU,9$OO
H[SHULPHQWV ZHUH SHUIRUPHG DW 8OWXQD QHDU 8SSVDOD 6ZHGHQ ƍ1
ƍ(
 3ODQWPDWHULDO





6KRRWV KDUYHVWHG LQ ODWH ZLQWHU ZHUH VWRUHG DW DSSUR[LPDWHO\  & LQ














WKHFXWWLQJVZHUHSODQWHGYHUWLFDOO\ LQ WKH VRLO OHDYLQJFPRI WKHFXWWLQJ
DERYH WKH VRLO VXUIDFH 3DSHUV ,,,, ,Q WKH ILHOGH[SHULPHQW WKHELOOHWVZHUH




ZLWK FXWWLQJV DQGELOOHWV+RZHYHU LW QHHG WREH HPSKDVLVHG WKDW SURSDJXOHV
ZHUHSUHSDUHGDQGSODQWHGPDQXDOO\i.e.VHOHFWLRQRIJRRGTXDOLW\PDWHULDOKLJK
SUHFLVLRQRIFXWDQGSODQWLQJWKHUHIRUHDQ\SRVVLEOHGDPDJHVe.g.GHEDUNLQJ





FXWWLQJV 3DSHU ,96KRRWVXVHG IRU FXWWLQJSUHSDUDWLRQZHUHKDUYHVWHG DIWHU
JURZWKFHVVDWLRQZLQWHUDQGVWRUHGDWVXE]HURWHPSHUDWXUHV&XQWLO
SODQWLQJ :LOORZ 65& ZDV SODQWHG PHFKDQLFDOO\ RQ 0D\   ZLWK D
SODQWLQJPDFKLQHRIWKHW\SH:RRGSHFNHUWKDWFXWVORQJZLOORZVKRRWVLQWR





ZHUH-RUUSalix viminalis /2ORIS. viminalisîS. schwerinii(:ROIîS. 
viminalis7RUD S. schweriniiîS. viminalisDQG7RUGLV S. schweriniiîS. 













 / EXFNHWV ILOOHG ZLWK ORZQXWULHQW VXEVWUDWH 2YHUDOO WKH H[SHULPHQW
FRPSULVHG  EXFNHWV FRQWDLQLQJ WUHDWPHQWV FRPSDULQJ ZLOORZ FXWWLQJ
SKHQRORJ\WZROHYHOVQRQGRUPDQWGRUPDQWZHHGWUHDWPHQWWZROHYHOVZLWK










ZHHG PL[WXUHV IRXU  FP ORQJ FXWWLQJV ZHUH YHUWLFDOO\ SODQWHG FRQVWDQW


VSDFLQJ EHWZHHQ SODQWV PDLQWDLQHG SHU EXFNHW JLYLQJ D QRPLQDO SODQWLQJ
GHQVLW\ RI  FXWWLQJV P ,Q KDOI WKH EXFNHWV GHVLJQDWHG DV ZLOORZZHHG
PL[WXUHVVHHGVRIDPRGHOZHHGVSULQJEDUOH\Hordeum vulgare/YDU






DQGZHUHGHVWUXFWLYHO\KDUYHVWHGDIWHU WKLV WLPH7KHGDWDZHUHDQDO\VHG DQG
SUHVHQWHGLQ3DSHU,   























WKH URZ +ROOVWHQ et al.  7KLV UHVXOWHG LQ D QRPLQDO GHQVLW\ RI
DSSUR[LPDWHO\  DQG  SODQWV KD IRU FXWWLQJV DQG ELOOHWV
UHVSHFWLYHO\$QHWSORWRIPîPZDVFHQWUDOO\GHVLJQDWHGLQHDFKSORW
DQGPHDVXUHPHQWVRIZLOORZDQGZHHGSDUDPHWHUV7DEOHZHUHSHUIRUPHGLQ























¶1 ¶( RQ D  KD ILHOG IRU  \HDUV  JURZQ E\ D
ZLOORZFURSSalix viminalis/FORQHRQDPUHIHUHQFHSORWVRZQ
ZLWKDQQXDOFURSVDQGLQZLOORZ65&DQGFHUHDOVWDQGVHVWDEOLVKHG






FORQH 7RUD ZDV SODQWHG PHFKDQLFDOO\ ZLWK D SODQWLQJ PDFKLQH RI WKH W\SH
:RRGSHFNHU  3ODQWLQJ GHQVLW\ ZDV DSSUR[LPDWHO\  SODQWV KD
6SDFLQJEHWZHHQGRXEOHURZVZDVFPEHWZHHQURZVZLWKLQWKHGRXEOHURZV

















KHDGODQG GLVWULEXWHG DORQJ D WUDQVHFW FHQWUDOO\ ORFDWHG LQ HDFK VXESORW ,Q D
UHIHUHQFH SORW VRZQ ZLWK DQQXDO FURSV ILYH  P VDPSOLQJ TXDGUDQWV ZHUH
GLVWULEXWHGDORQJDFHQWUDOO\ORFDWHGWUDQVHFW
 









































HDFK QHW SORW LQ WRWDO  FXWWLQJV DQG  ELOOHWV SHU SORWZDV LQVSHFWHG IRU








XS WR ZLOORZ VXUYLYDO SHU KHFWDUH DQG SUHVHQWHG DV D FXPXODWLYH GXULQJ WKH
FRQVHFXWLYHJURZLQJVHDVRQV

Aboveground biomass production (Papers I-III) 
$ERYHJURXQGELRPDVVSURGXFWLRQ LQ WKHEXFNHWH[SHULPHQW 3DSHUV ,DQG,,,
ZDVDVVHVVHGDIWHUGHVWUXFWLYHKDUYHVW'HVWUXFWLYHKDUYHVWIRUHDFKSODQWLQJGDWH
ZDVSHUIRUPHGDSSUR[LPDWHO\GD\VDIWHUZLOORZSODQWLQJDQGFRLQFLGHGZLWK
D VWDJHRIH[SDQGHG OHDYHVRIZLOORZFORQH7RUDJURZQ IURPGRUPDQW
FXWWLQJV ZLWKRXW ZHHGV (DFK VKRRW VWHP DQG OHDYHV SHU FXWWLQJ ZDV
LQGLYLGXDOO\ KDUYHVWHG GULHG IRU  K DW  & DQG ZHLJKHG $ERYHJURXQG
ELRPDVVGU\ZHLJKWSHUEXFNHW':JZDVWKHQHVWLPDWHG3DSHU,,,,Q3DSHU














VKRRW GLDPHWHU ' DW   FP DERYH JURXQG OHYHO ZDV PHDVXUHG DQG
DERYHJURXQGGU\ZHLJKWKDW&ZDVUHFRUGHGDIWHUWKUHHFRQVHFXWLYH
JURZLQJ VHDVRQV 0DUFK   0DUFK   'HFHPEHU   $V
PHDVXUHPHQWV LQ WKH ILHOG H[SHULPHQW ZHUH SHUIRUPHG RQ GRUPDQW ZLOORZV

















Allometric relations (Paper III) 
,QWKHEXFNHWH[SHULPHQWDVDPSOHRIVKRRWVVWUDWLILHGDFFRUGLQJWRVKRRW
KHLJKW ZDV KDUYHVWHG SHU ZHHG WUHDWPHQW ZLOORZ FORQH SODQWLQJ GDWH DQG
FXWWLQJSKHQRORJ\)RUHDFKVKRRWGLDPHWHU'DWWKHHPHUJHQFHSRLQWVWHP













'HFHPEHU   DIWHU WKLUG JURZLQJ VHDVRQ DFFRUGLQJ WR WKH SURFHGXUH





Weed suppressive ability and weed tolerance (Paper I) 
:HHG VXSSUHVVLYH DELOLW\ :6$ ZDV FDOFXODWHG DFFRUGLQJ WR 1HOVRQ et al.

ܹܵܣ ൌ ͳͲͲ െ ቀ௕௪௕௧ ቁ ൈ ͳͲͲ   















































7DEOH Measurements performed in Papers I-IV of this thesis. 
 3DSHU
 , ,, ,,, ,9
3DUDPHWHU    
 :LOORZJURZWKSHUIRUPDQFH
:LOORZEXGEXUVW*''& \HV QR QR QR
:LOORZVSURXWLQJSODQWKD QR \HV QR QR
:LOORZVXUYLYDOSODQWKD QR \HV QR QR
$ERYHJURXQGELRPDVVSURGXFWLRQ':J
*''RUWRQ':KD \HV \HV QR QR
$OORPHWULFUHODWLRQV    
':$YHUVXV' QR QR \HV QR
':6YHUVXV' QR QR \HV QR
':/YHUVXV' QR QR \HV QR
':6YHUVXV':/ QR QR \HV QR
/$YHUVXV/': QR QR \HV QR
6/$FPJ QR QR \HV QR
:6$ \HV QR QR QR
:7 \HV QR QR QR
 :HHGFKDUDFWHULVWLFV
:HHGVSHFLHVULFKQHVVWRWDO QR QR QR \HV
$QQXDOV QR QR QR \HV
%LHQQLDOV QR QR QR \HV
3HUHQQLDOV QR QR QR \HV
0D[LPXPZHHGKHLJKWFP QR QR \HV QR
&RYHUDEXQGDQFHWRWDO QR QR \HV \HV
$QQXDOV QR QR QR \HV
%LHQQLDOV QR QR QR \HV
3HUHQQLDOV QR QR QR \HV
6SHFLHVFRPSRVLWLRQDQGGLYHUJHQFH QR QR QR \HV
+DELWDWW\SHJURZWKIRUPV QR QR QR \HV
*ULPH¶VVWUDWHJ\ QR QR QR \HV
(OOHQEHUJLQGH[ QR QR QR \HV






:HHGV ZHUH LGHQWLILHG WR VSHFLHVJHQXV OHYHO /LG 	 /LG  DQG WKH
IROORZLQJZHHGIORUDFKDUDFWHULVWLFVZHUHDVVHVVHG
 








7RWDOcover abundance (Paper III-IV) DQG FRYHU DEXQGDQFH LQ D VSHFLILF OLIH
F\FOH FDWHJRU\ DQQXDOV ELHQQLDOV DQG SHUHQQLDOV, E\ XVLQJ QRPLQDO
WUDQVIRUPDWLRQ RI WKH %UDXQ%ODQTXHW VFDOH YDQ GHU 0DDUHO  %UDXQ
%ODQTXHW%UDXQ%ODQTXHW

Species composition and divergence (Paper IV) LQYHVWLJDWHG E\ QRQ PHWULF
PXOWLGLPHQVLRQDO VFDOLQJ 10'6 WHU %UDDN 	 âPLODXHU  /HSã 	
âPLODXHU

Habitat type and growth forms (Paper IV), GHWHUPLQHGDFFRUGLQJWR&KDSLQ et 
al.

Grime’s strategy (Paper IV)GHWHUPLQHG IROORZLQJ*ULPH et al.

Ellenberg index (Paper IV)FDOFXODWHGIROORZLQJ(OOHQEHUJDQG*UDQGLQ



















ZLWK LQFUHDVLQJ YDOXHV ZDV REVHUYHG WKH GDWD ZHUH VTXDUH URRWWUDQVIRUPHG
SURSRUWLRQGDWD0F'RQDOG3DSHU,,RUORJLWWUDQVIRUPHGVL]HGDWD
%LWKHOO et al.  3DSHU ,,'DWD UHPDLQHGXQWUDQVIRUPHG LI GLVSHUVDO RI
UHVLGXDOVZDVVLPLODUIRUQRQWUDQVIRUPHGDQGWUDQVIRUPHGGDWD3DSHUV,,,DQG
,9/LQHDUPL[HGPRGHOVZHUHILWWHGXVLQJWKHUHVWULFWHGPD[LPXPOLNHOLKRRG
5(0/ PHWKRG ZLWK .HQZDUG5RJHU GHQRPLQDWRU GHJUHHV RI IUHHGRP
DGMXVWPHQW6SLONH et al..HQZDUG	5RJHU,QDOO352&0,;('





$OORPHWULF UHODWLRQV EHWZHHQ ZLOORZ JURZWK SDUDPHWHUV LQ WKH EXFNHW
H[SHULPHQW DQG LQ WKH ILHOG H[SHULPHQW ZHUH GHVFULEHG E\ D ]HURLQWHUFHSW
PRGHO

ܻ ൌ ܾଵ ൈ ሺͳ ൅ ܾଶ ൈ ݀ሻ ൈ ܺ௖    










LV WZRGLPHQVLRQDO DQG ZHLJKW DQG YROXPH DUH WKUHHGLPHQVLRQDO DUH
LQWULQVLFDOO\ QRQOLQHDU QRQOLQHDU PRGHOV ZHUH XVHG LQ WKH GDWD DQDO\VHV
6FKDEHQEHUJHU	3LHUFH $OORPHWULF GDWDVHWVZHUH DQDO\VHGZLWK WKH





&DQRFR:LQGRZV UHOHDVH YHUVLRQ  WHU%UDDN	âPLODXHU 7KH















7KH VRIWZDUH 67$7,67,&$ 3DSHUV ,,,, RU ([FHO 3DSHU ,9 ZDV XVHG WR
SUHVHQWWKHUHVXOWVYLVXDOO\E\PHDQVRIVFDWWHUSORWVFROXPQRUSLHFKDUWV

7KH UHODWLRQV':$ YHUVXV' LQ WKH EXFNHW H[SHULPHQW 3DSHU ,,, DQG':6







3KRWRJUDSKLF GRFXPHQWDWLRQ ZDV SHUIRUPHG ZLWK D GLJLWDO FDPHUD &DQRQ
3RZHU6KRW*&DQRQ86$,QF1RPRGLILFDWLRQVDSDUWIURPDGGLWLRQRI
















0D\   IRU GHWDLOV VHH VHFWLRQ  )LHOG H[SHULPHQW WKH
WHUPLQRORJ\HDUO\PLGRUODWHJURZLQJVHDVRQLVLUUHOHYDQWWRWKLVH[SHULPHQW








ZLOORZ FORQH DQGZHHG FRPSHWLWLRQ 7KHVH IDFWRUV DUH GLVFXVVHG LQ VHSDUDWH
SDUDJUDSKV EHORZ DQG DUH GHVFULEHG LQ GHWDLOV LQ WKH SDSHUV LQGLFDWHG
)XUWKHUPRUHVRPHSHUIRUPDQFHSDUDPHWHUVDVVHVVHG IRUZLOORZ LQ WKLV WKHVLV
DQGXQGHUFHUWDLQFLUFXPVWDQFHVZHUHDIIHFWHGE\LQWHUDFWLRQVEHWZHHQGLIIHUHQW
IDFWRUV ,PSDFW RI WKH PRVW VLJQLILFDQW LQWHUDFWLRQV RI IDFWRUV RQ VHOHFWHG
SHUIRUPDQFHSDUDPHWHUVDUHGHVFULEHGEHORZ ,PSDFWRI UHPDLQLQJVLJQLILFDQW






3URSDJXOH SKHQRORJ\ KDG VLJQLILFDQW HIIHFW RQ ZLOORZ EXG EXUVW VSURXWLQJ
DERYHJURXQGELRPDVVSURGXFWLRQSHU*''DOORPHWULFUHODWLRQi.e/$YHUVXV
/':DQG:6$DQG:7
Bud burst and sprouting (Papers I-II) 
3URSDJXOHSKHQRORJ\KDGVLJQLILFDQWO\HIIHFWRQZLOORZEXGEXUVW3DSHU,DQG
VSURXWLQJ3DSHU,,:KHQFXWWLQJVZHUHSODQWHGHDUO\ LQWKHJURZLQJVHDVRQ
0D\  DQG 0D\   EXG EXUVW RI QRQGRUPDQW FXWWLQJV RFFXUUHG






















 LQ WKH ILHOG H[SHULPHQW 3DSHU ,, WKH LPSDFW RI FDUERK\GUDWHV RQ
VSURXWLQJZDVQHJOLJLEOH
7KXVEXGEXUVWDQGVSURXWLQJRIQRQGRUPDQWDQGGRUPDQWZLOORZSURSDJXOHV
ZDV PRVWO\ DIIHFWHG E\ KRUPRQDO DFWLYLW\ i.e KRUPRQH DPRXQW DQG
SURSRUWLRQVZKLFKYDULHGLQWKHYHU\LQLWLDOSKDVHRIZLOORZJURZWKILYHZHHNV
DIWHU SODQWLQJ -XQH   3DSHU ,, DQG WKURXJKRXW WKH JURZLQJ VHDVRQ





ZHUH PRUH DIIHFWHG E\ WKH DPRXQW DQG DFWLYLW\ RI KRUPRQH UHVHUYHV WKDQ
FDUERK\GUDWHUHVHUYHV

Aboveground biomass production (Paper I) 
:LOORZ DERYHJURXQG ELRPDVV SURGXFWLRQ SHU *'' FDQ EH DVVXPHG WR EH
SUHGRPLQDQWO\DIIHFWHGE\WKHFDUERK\GUDWHUHVHUYHVUDWKHUWKDQE\WKHKRUPRQH
UHVHUYHVLQQRQGRUPDQWDQGGRUPDQWSURSDJXOHV3DSHU,7KLVDVVXPSWLRQZDV










PDLQWDLQ EDVLF PHWDEROLF SURFHVVHV e.g UHVSLUDWLRQ DQG WKHUHIRUH ZHUH





1RYHPEHU 1RUGK  VKRZHG WKDW ZLOORZ JURZWK SHUIRUPDQFH GHFOLQHV
ZLWKODWHUSODQWLQJGDWHGXULQJWKH\HDUDQGFRQFOXGHGWKDWFXWWLQJSKHQRORJ\LV
DQLPSRUWDQWGHWHUPLQDQWRIZLOORZJURZWK7HRGRUHVFX et al. VKRZHG
WKDWDERYHJURXQGELRPDVVSURGXFWLRQIURPQRQGRUPDQWVKRRWVYDULHGEHWZHHQ
ZLOORZ FORQHV SODQWHG IURP $SULO WR WKH HQG RI 0D\ EXW GLG QRW JLYH DQ
H[SODQDWLRQIRUWKLVWUHQG+RZHYHULQVWXGLHVDLPLQJWRLGHQWLI\WKHFRQVWUDLQWV
LQYHJHWDWLYHSURSDJDWLRQRIPDSOH6QRZDQG.RHOOLQJVXJJHVWHG
WKDW WKH YDULDELOLW\ LQ JURZWK SHUIRUPDQFH DQG URRWLQJ DELOLW\ RI FXWWLQJV
SUHSDUHGDQGSODQWHGWKURXJKRXWWKHJURZLQJVHDVRQPD\DULVHIURPGLIIHUHQFHV
LQWKHFRQWHQWDQGW\SHRIFDUERK\GUDWHUHVHUYHV
3UDFWLFDO LPSOLFDWLRQV IURP WKH UHVXOWVSUHVHQWHGKHUHDUH WKDWZLOORZSODQWHG
HDUO\LQWKHJURZLQJVHDVRQFDQHVWDEOLVKDQGJURZIURPERWKQRQGRUPDQWDQG
GRUPDQW FXWWLQJV WKDW FDQ DWWDLQ VLPLODU \LHOG 7KLV FDQ KDYH VLJQLILFDQW






Allometric relations (Paper III) 
&XWWLQJSKHQRORJ\KDGVLJQLILFDQWHIIHFWRQWKHDOORPHWULFUHODWLRQEHWZHHQOHDI
DUHDDQGOHDIGU\ZHLJKW/$YHUVXV/':DQGWKXVGHWHUPLQHGVSHFLILFOHDI





WSA and WT (Paper I) 
&DUERK\GUDWH UHVHUYHV LQ WKH SURSDJXOH GHWHUPLQH VXEVHTXHQWZLOORZJURZWK
LQFOXGLQJe.g.DERYHJURXQGELRPDVVSURGXFWLRQ7KLVLQWXUQPD\DIIHFWRWKHU
ZLOORZSHUIRUPDQFHSDUDPHWHUVVXFKDV:6$DQG:7DVZDVFRQILUPHGE\WKH





DERYHJURXQG ELRPDVV SURGXFWLRQ $V:6$ DQG:7 DUH VLPSOH SURSRUWLRQV
EHWZHHQELRPDVVRIWKHFURSZLOORZLQ3DSHU,DQGWKHZHHGVSULQJEDUOH\LQ
3DSHU , JURZQ LQ PL[WXUHV DQG LQ PRQRFXOWXUHV 1HOVRQ et al. 
6]XPLJDOVNL	9DQ$FNHU:6$DQG:7HVWLPDWHVDUHGLUHFWO\DIIHFWHG




















Survival and aboveground biomass production 
3ODQWLQJV\VWHPKDGVLJQLILFDQWHIIHFWHGRQZLOORZVXUYLYDODQGDERYHJURXQG
ELRPDVVSURGXFWLRQW':KD LQ WKHILHOGH[SHULPHQW:LOORZVXUYLYDOZDV





ZDVGHWHFWHGP U )XUWKHUPRUH ORZZLOORZVXUYLYDO OHG WRD
UHGXFWLRQLQELRPDVVSURGXFWLRQDVLQGLFDWHGE\WKHFRUUHODWLRQEHWZHHQZLOORZ
VXUYLYDO DQG ZLOORZ DERYHJURXQG ELRPDVV SURGXFWLRQ P U 
%LRPDVVSURGXFWLRQZDVVLJQLILFDQWO\ORZHUIRUZLOORZVJURZQIURPELOOHWVWKDQ
IRUZLOORZVJURZQ IURPFXWWLQJV 3DSHU ,, DQG DIWHU WKUHHJURZLQJ VHDVRQV






D VHW RI VSHFLILF IHDWXUHV SRVVLEO\ DOVR DIIHFWLQJ ZLOORZ VXUYLYDO DQG
DERYHJURXQG ELRPDVV SURGXFWLRQ WR VRPH H[WHQW $Q DWWHPSW WR GLVHQWDQJOH
WKHVHIDFWRUVLVPDGHLQWKHIROORZLQJSDUDJUDSKV
Propagule length 




ORQJHUFXWWLQJVSURGXFHGPRUHELRPDVV WKDQVKRUWHURQHVDQGDWWULEXWHG LW WR
ODUJHU FDUERK\GUDWH UHVHUYHV WKDW FRXOG VXEVHTXHQWO\ EH LQYHVWHG LQ ZLOORZ
JURZWK 0RUHRYHU %XUJHVV et al.  FRQFOXGHG WKDW OHQJWK RI FXWWLQJV
GHWHUPLQHG WKH VXFFHVV RI HVWDEOLVKPHQW RI Salix alba / $OWKRXJK QR












SURGXFWLRQ RI ZLOORZ LQ WKH ILHOG H[SHULPHQW 3DSHU ,, ZHUH SUREDEO\
SUHGRPLQDQWO\ DIIHFWHG E\ ZDWHU FRQWHQW YDU\LQJ EHWZHHQ SURSDJXOHV RI













7KH HIIHFW RI SODQWLQJ RULHQWDWLRQ RQ VSURXWLQJ DQG VXEVHTXHQW JURZWK
SHUIRUPDQFHLVGHWHUPLQHGE\DFRPELQDWLRQRIHQYLURQPHQWDOIDFWRUVi.eVRLO
PRLVWXUHDQGSUHFLSLWDWLRQDQGSURSDJXOHFKDUDFWHULVWLFVi.eDSLFDOGRPLQDQFH
DQGFDUERK\GUDWH UHVHUYHV ,Q3DSHU ,,ELOOHWVZHUHSODQWHGKRUL]RQWDOO\DW D
GHSWKRIDSSUR[LPDWHO\FPDQGFXWWLQJVZHUHSODQWHGYHUWLFDOO\WRDGHSWKRI
DSSUR[LPDWHO\ FP XVXDOO\ FPSURWUXGHG DERYH WKH VRLO VXUIDFH RQ D
FOD\H\ VRLOGHWHUPLQHGDVKDYLQJ UHODWLYHO\ ORZSHUPHDELOLW\ %UDG\	:HLO
 2OVVRQ 	 6DPLOV  7KH DPRXQW RI SUHFLSLWDWLRQ DW HDUO\
HVWDEOLVKPHQWi.eWKHILUVWPRQWKDIWHUSODQWLQJ0D\-XQHZDVYHU\ORZ
 PP ZKHUHDV LQVRODWLRQ : P DQG ZLQG VSHHG  P V ZHUH













DSLFDO GRPLQDQFH (GHOIHOGW et al.  UHFRUGHG L KLJKHU VSURXWLQJ DQG
VXEVHTXHQW VXUYLYDO RI ZLOORZV JURZQ IURP KRUL]RQWDOO\ SODQWHG FXWWLQJV
SURGXFHG IURP DSLFDO WKDQ EDVDO SDUWV RI WKH GRQRU VKRRW DQG LL KLJKHU
VSURXWLQJRIEXGVORFDWHGDWWKHDSLFDOHQGRIHDFKLQGLYLGXDOFXWWLQJLUUHVSHFWLYH
RI LWV SODQWLQJ RULHQWDWLRQ 1R VXFK GHSHQGHQFH ZDV REVHUYHG LQ WKH ILHOG






LQ HLWKHU WKH ILHOG H[SHULPHQW 3DSHU ,, RU LQ RWKHU VWXGLHV (GHOIHOGW et al.
 )LQDOO\ ZLOORZ VXUYLYDO DQG VXEVHTXHQW DERYHJURXQG ELRPDVV












RQH RI WKHPRVW IUHTXHQWO\ FRQVLGHUHG IDFWRUV WKDW DIIHFWZLOORZ JURZWK DQG
GHYHORSPHQW +RZHYHU LW LV GLIIHUHQWO\ GHILQHG DQG H[SUHVVHG DV e.g µ\HDU
JURZWK¶ µURWDWLRQ¶ µJURZLQJ VHDVRQ¶ RU µKDUYHVW F\FOH¶ $OEHUWVVRQ et al.
E1RUG/DUVHQ et al.$EUDKDPVRQ et al.&OD\	'L[RQ

,QWKLVWKHVLVIRUZLOORZVSODQWHGLQWKHEXFNHWH[SHULPHQWRQGLIIHUHQWGDWHVLQ
WKH VDPH JURZLQJ VHDVRQ 3DSHU , SODQWLQJ GDWH GHWHUPLQHV HVVHQWLDOO\ WKH
DPRXQWVRIFDUERK\GUDWHDQGKRUPRQHUHVHUYHVDYDLODEOHIRUZLOORZJURZWKDV
GLVFXVVHG DERYH IRU GHWDLOV VHH VHFWLRQ  3URSDJXOH SKHQRORJ\ 7KH
GLIIHUHQFHV LQ WKH DPRXQWV RI FDUERK\GUDWH DQG KRUPRQH UHVHUYHV EHWZHHQ





,Q WKH ILHOG H[SHULPHQW WLPH LV GHILQHG DV DVVHVVPHQW GDWH DQG JURZWK
SDUDPHWHUVZHUHGHWHUPLQHGDIWHUFRQVHFXWLYHJURZLQJVHDVRQV















Allometric relations (Papers III) 
,Q WKHEXFNHWH[SHULPHQWSODQWLQJGDWHKDGVLJQLILFDQWHIIHFWRQ WKH UHODWLRQV
ZKLFKLQFOXGHG':/i.e.':/YHUVXV'DQG':6YHUVXV':/7KHHDUOLHUWKH



























Bud burst and sprouting (Papers I-II) 
,Q WKH EXFNHW H[SHULPHQW EXG EXUVW RFFXUUHG HDUOLHVW IRUZLOORZ FORQH7RUD
IROORZHGE\-RUUDQG2ORI3DSHU,,QWKHILHOGH[SHULPHQWZLOORZFORQH7RUGLV
KDG D VLJQLILFDQWO\ KLJKHU VSURXWLQJ  FRPSDUHG WR ZLOORZ FORQHV -RUU
DQG7RUD3DSHU,,'DWDRQZLOORZEXGEXUVWDQGVSURXWLQJDV
GHSHQGHQWRQZLOORZFORQHDUHVFDUFHEXWWKHUHLVHYLGHQFHWKDWWKHVHSDUDPHWHUV




Aboveground biomass production (Papers I-II) 
:LOORZFORQH2ORIZDVIRXQGWRKDYHORZHUDERYHJURXQGELRPDVVSURGXFWLRQ
SHU*''J*''&FRPSDUHGZLWK7RUD
J*''& DQG-RUU J*''& 3DSHU ,7KH UHVXOWV RI














FORQHV XVHG LQ 65& LV VWLOO VFDUFH 6LQJK et al.  %DUNHU et al. 
HVSHFLDOO\ ZKHQ JURZWK DQG RWKHU SHUIRUPDQFH SDUDPHWHUV DUH FRQVLGHUHG






Allometric relations (Papers III) 
,QWKHEXFNHWH[SHULPHQWDOORPHWULFUHODWLRQ':/YHUVXV'ZDVVLJQLILFDQWO\
DIIHFWHGE\ZLOORZFORQH&ORQH7RUDSURGXFHGPRUHOHDIPDVVSHUVKRRWIRUD
JLYHQ GLDPHWHU WKDQ FORQHV -RUU DQG2ORI7KH DOORPHWULF UHODWLRQ/$YHUVXV
/':ZDVDOVRFORQHGHSHQGHQWDQGFORQH-RUUKDGKLJKHUDYHUDJH6/$
FPJWKDQHLWKHU7RUDFPJRU2ORIFPJ3DSHU,,,







WR EH FORQHVSHFLILF WKHUHIRUH VKRXOG QRW EH LQWHUFKDQJHDEO\ XVHG IURP RQH
FORQHRUVHWRIFORQHVWRDQRWKHU0RVVHOHU et al.$UHYDOR et al.






7R DFKLHYH FRQWLQXRXV LPSURYHPHQW E\ EUHHGLQJPRGHUQZLOORZ FORQHV DUH
XVXDOO\ FURVVHV EHWZHHQ FORQHV SUHVHQWLQJ KLJK \LHOG DQG H[KLELWLQJ RWKHU
GHVLUHG SURSHUWLHV e.g UHVLVWDQFH WR IURVW GURXJKW RU SDWKRJHQV +RZHYHU




EHWZHHQ 7RUGLV DQG -RUU ZKLFK GR QRW VKDUH JHQHWLF DQFHVWRUV 6LJQLILFDQW
GLIIHUHQFHVLQELRPDVVSURGXFWLRQZHUHDOVRUHFRUGHGEHWZHHQ7RUDDQG7RUGLV
ZKLFKDUHFORVHO\ UHODWHG7RUD LV WKHIHPDOHSDUHQWRI7RUGLV &DVOLQ et al.
3DSHUV,DQG,,7KHVHUHVXOWVVXSSRUWHDUOLHUILQGLQJVSXEOLVKHGLQWKH
OLWHUDWXUHZKHUHWKHGLIIHUHQFHVLQELRPDVV\LHOGEHWZHHQGLIIHUHQWZLOORZFORQHV

















WSA and WT (Paper I) 



















YDOXHV IRU ELOOHWV ZHUH  ZHHGHG SORWV DQG  XQZHHGHG SORWV











SLRQHHUV SUHGRPLQDQWO\ LQYDGLQJ KDELWDWV GHYRLG RI YHJHWDWLRQ FRYHU
1HZVKROPH  e.g IDOORZ DUHDV ULYHU EDQNV SRVWPLQH KLSV VFUHHV
DOOXYLDOGHSRVLWV6XSSRUWZDVIRXQGIRUWKLVDVVXPSWLRQLQWKHSUHVHQWWKHVLV
DV :6$ DQG :7 RI ZLOORZ ZHUH VLJQLILFDQWO\ P ORZHU WKDW WKH











Aboveground biomass production (Papers I-III) 
:KHQJURZQZLWKZHHGVLQWKHEXFNHWH[SHULPHQW3DSHU,ZLOORZSURGXFHG
DSSUR[LPDWHO\  OHVV DERYHJURXQG ELRPDVV SHU *'' WKDQ ZLOORZ JURZQ
ZLWKRXWZHHGV$ERYHJURXQGELRPDVVSURGXFWLRQLQWKHILHOGH[SHULPHQWZDV








	'L[RQ )RU H[DPSOH LQ WKH VHFRQG\HDU DIWHUZLOORZHVWDEOLVKPHQW
DIWHUILUVWFRSSLFLQJ6DJHUHSRUWHGDQDSSUR[LPDWHO\UHGXFWLRQLQ
ELRPDVVIRUZLOORZJURZQXQGHUZHHGSUHVVXUHFRPSDUHGZLWKZLOORZJURZQLQ
ZHHGIUHH SORWV )XUWKHUPRUH $OEHUWVVRQ et al. E UHSRUWHG DQ
DSSUR[LPDWHO\  UHGXFWLRQ RI ELRPDVV LQ H[SHULPHQWDO ZLOORZ 65& LQ
6ZHGHQZKHQZLOORZVJUHZXQGHUZHHGFRPSHWLWLRQFRPSDUHGZLWKZHHGIUHH
FRQGLWLRQV&OD\DQG'L[RQVKRZHGWKDWELRPDVVSURGXFWLRQIURPZLOORZ
ZDV UHGXFHG E\ DSSUR[LPDWHO\  IRU SODQWV FRPSHWLQJ ZLWK ZHHGV
FRPSDUHGZLWKSODQWVJURZQZLWKRXWZHHGFRPSHWLWLRQ





JURZQZLWKRXWZHHGV WKDQ WKHVH JURZQZLWKZHHGV 7KH UHODWLRQ /$ YHUVXV
/':ZDVDIIHFWHGE\ZHHGWUHDWPHQWDQGWKHDYHUDJH6/$ZDVODUJHUFP
J IRU OHDYHV SURGXFHG RQ VWHPV RIZLOORZV JURZQZLWKZHHGV WKDQ JURZQ
ZLWKRXW ZHHGV  FP J 3DSHU ,,, &RPSHWLWLRQ IURP ZHHGV PD\ EH
FRQVLGHUHG DV HQYLURQPHQWDO VWUHVV LQ WHUPV RI OLPLWHG DYDLODELOLW\ RI OLJKW
7KHUHIRUH SODQWV UHVSRQVH WR OLJKW OLPLWDWLRQ E\ FKDQJHV LQ OHDI SDUDPHWHUV
LQFOXGLQJ6/$,QWKHEXFNHWH[SHULPHQW6/$IRUZLOORZVJURZQZLWKZHHGV
ZDVSUHVXPDEO\KLJKHUEHFDXVHSODQWVWHQGWRFRPSHQVDWHORZLQWHQVLW\RIOLJKW






















DOVR GXULQJ WKH VHFRQG JURZLQJ VHDVRQ 3DSHU ,,, 7KLV KDV WKH HFRQRPLF
LPSOLFDWLRQ 7KLV LV EHFDXVH D UHGXFWLRQ LQ ZLOORZ ELRPDVV LV QRW PHUHO\ D








65& DQG FHUHDO VWDQGV DQG WR GHWHUPLQH WKH FRQWULEXWLRQ RIZLOORZ 65& WR
IORULVWLF GLYHUVLW\ SUHVHUYDWLRQ LQ WKH DJULFXOWXUDO ODQGVFDSH 3DSHU ,9
1XPHURXVVWXGLHVKDYHUHSRUWHGKLJKHUVSHFLHVULFKQHVVDQGGLYHUVLW\RISODQWV
IXQJL LQVHFWV DQG DQLPDOV LQ ZLOORZ 65& FRPSDUHG ZLWK DJULFXOWXUDO ILHOGV
HVWDEOLVKHGZLWKLQWKHVDPHODQGVFDSH5RPDQR et al.%DXP et al.
&DPSEHOO et al. 9RQN 5HGGHUVHQ7KHUHIRUH WKH UROH RI
ZLOORZ65&LQLQFUHDVLQJELRGLYHUVLW\RQWKHOHYHORIDJUDULDQHFRV\VWHPVKDV






FDXVH ORQJODVWLQJZHHG LQIHVWDWLRQV LQ FURSV HVWDEOLVKHG RQ ODQG UHWXUQHG WR
FHUHDOSURGXFWLRQDIWHUWHUPLQDWLRQRIZLOORZ65&

'HWDLOHGDQDO\VHVRI IORULVWLFGDWDFROOHFWHG LQ WKH ORQJWHUPILHOGH[SHULPHQW










,9 FRQILUPHG KLJKHU ULFKQHVV DQG GLYHUVLW\ RIZHHG VSHFLHV LQZLOORZ65&
FRPSDUHGZLWKQHLJKERXULQJFHUHDOVWDQGV)LJXUHWKHUHE\SURYLGLQJVXSSRUW
IRU HDUOLHU ILQGLQJV %DXP et al.  $XJXVWVRQ et al.  *XVWDIVVRQ
+RZHYHUDOWKRXJKWKHVHWZRFURSSLQJV\VWHPVZHUHHVWDEOLVKHGRQODQG
SUHYLRXVO\JURZQZLWKZLOORZIRU\HDUVPHDQLQJWKDWWKH\VKDUHGDVLPLODU
PDQDJHPHQW KLVWRU\ DQG VHHG EDQN IORUD GHYHORSPHQW LQ WKH WZR FURSSLQJ
V\VWHPVIROORZHGGLVWLQFWLYHWUDMHFWRULHV7KLVLQGLFDWHVWKDWWKHGLIIHUHQFHVLQ
ZHHG IORUD ERWK RYHU WLPH DQG EHWZHHQ FURSSLQJ V\VWHPV DUH UHODWHG WR WKH




LQIHVWDWLRQRWKHU WKDQ WKDW IRU WKH UHVSHFWLYHFURSSLQJ V\VWHP7KHUHIRUH ODQG
UHFODLPHG DIWHU WHUPLQDWLRQ RI D ORQJWHUP ZLOORZ 65& FDQ EH UHWXUQHG WR
DJULFXOWXUDOSURGXFWLRQDIWHUWHUPLQDWLRQRIORQJWHUPZLOORZ65&3DSHU,9
)XUWKHUPRUHZLOORZ65&HVWDEOLVKHGLQDJULFXOWXUDOODQGFDQSURYLGHDKDELWDW





&KDUDFWHULVWLFV VXFK DV ZHHG VSHFLHV ULFKQHVV JURXQG FRYHU GLYHUVLW\
FRPSRVLWLRQ DQG WUDMHFWRULHV RI ZHHG IORUD GHYHORSPHQW GLIIHUHG EHWZHHQ
FURSSLQJ V\VWHPV 3DSHU ,9 PRVW OLNHO\ LQ UHVSRQVH WR L YDULDEOH OLJKW








OLJKW FRQGLWLRQV RYHU D VHDVRQ FKDQJH DFFRUGLQJ WR D SDWWHUQ RI VRZLQJ
JHUPLQDWLRQHVWDEOLVKPHQWJURZWKWKDWLVIROORZHGHYHU\VHDVRQ$OWKRXJKWKH
JDSVEHWZHHQ LQGLYLGXDOFHUHDOSODQWVDUH UHODWLYHO\VPDOO WKHVHJDSVPD\EH
FRORQLVHG E\ IDVWJURZLQJ FRPSHWLWLYH ZHHGV WKDW XVXDOO\ VKRZ HDUOLHU
JHUPLQDWLRQ DQG IDVWHU JURZWK WKDQ FHUHDOV e.g.Sinapis arvensis /Elymus 







RI ZLOORZ HVWDEOLVKPHQW LV XQOLPLWHG DV WKH FDQRS\ LV GLVFRQWLQXRXV DQG
VFDWWHUHGVRFDOOHGµOLJKWSKDVH¶RIZLOORZFDQRS\GHYHORSPHQW)LJXUHEXW
LWJUDGXDOO\GHFUHDVHVDVWKHZLOORZJURZVDQGIRUPVDGHQVHUFDQRS\WKHVR
FDOOHG µVKDGH SKDVH¶ RI ZLOORZ FDQRS\ GHYHORSPHQW )LJXUHV  DQG $
*XVWDIVVRQ  7KHVH WHPSRUDO DOWHUDWLRQV LQ OLJKW SHQHWUDWLRQ WR WKH
XQGHUVWRUH\DUHPLUURUHGLQZHHGVSHFLHVULFKQHVVGLYHUVLW\DQGFRPSRVLWLRQDV
VKDGHWROHUDWHZHHGVSHFLHVe.gRanunculus repens /Chelidonium majus /
Galium odoratum / 6FRS. VXFFHHG OLJKWGHPDQGLQJ VSHFLHV e.g




3DSHU ,9 EHFDPH D KDELWDW IRU DQQXDOV RU SHUHQQLDOV WKDW WROHUDWH RU DUH
IDYRXUHG E\ WKHVH GLVWXUEDQFHV e.g Sinapis arvensis Fumaria officinalis














ZLOORZ HVWDEOLVKPHQW  7KLV SURPRWHG HVWDEOLVKPHQW RI SHUHQQLDOV DQG
ELHQQLDOVe.gCirsium arvenseDeschampsia cespitosa /3%HDXYElymus 
repensGeranium robertianum /DQGVWLPXODWHGDQLQFUHDVHLQZHHGVSHFLHV
ULFKQHVV DQG FRPSRVLWLRQ GXULQJ FRQVHFXWLYH JURZLQJ VHDVRQV LQ D VLPLODU
PDQQHU DV UHSRUWHG E\ 3XþND et al.  1RUEHUJ DQG 1RUGK  DQG
$XJXVWVRQ ,Q UHVSRQVH WRPDQDJHPHQWSUDFWLFHVDQG OLJKWFRQGLWLRQV




VHDVRQ  DQG IROORZHG GLIIHUHQW WUDMHFWRULHV GXULQJ FRQVHFXWLYH VHDVRQV
)LJXUH  JURZLQJ VHDVRQV  DQG  $ GHFUHDVH LQ ZHHG VSHFLHV
ULFKQHVVZDVREVHUYHGRYHUWLPHSUHVXPDEO\DVDUHVXOWRI
LDGDSWDWLRQRI WKHVHHGEDQNWRGLVWXUEDQFHVUHODWHGWRV\VWHPPDQDJHPHQW
i.e PRUH DQQXDOV RU LQWUDVSHFLILF FRPSHWLWLRQ EHWZHHQ ZHHGV DQG FURSV
=LPGDKO+nNDQVVRQLQFHUHDOVWDQGVDQG
LL LQWHUVSHFLILF FRPSHWLWLRQ EHWZHHQ ZHHG VSHFLHV DGDSWLQJ GLIIHUHQWO\ WR







































Figure 10.&RUUHVSRQGHQFHDQDO\VLV &$DQGFDQRQLFDOFRUUHVSRQGHQFHDQDO\VLV &&$
RUGLQDWLRQGLDJUDPVSUHVHQWLQJJUDGLHQWVLQWKHZHHGVSHFLHVFRPSRVLWLRQLQ











H[SHULPHQW XQSXEOLVKHG GDWD DQG LW ZDV KLJKHU XQGHU ZLOORZ JURZQ IURP
ELOOHWV WKDQ JURZQ IURP FXWWLQJV 7KLV ZDV SUREDEO\ GXH WR YDULDEOH OLJKW
FRQGLWLRQVXQGHUZLOORZJURZQIURPELOOHWVFRPSDUHGZLWKZLOORZJURZQIURP
FXWWLQJV,QDGGLWLRQFRPSRVLWLRQRIWKHZHHGIORUDGLIIHUHGLQWKHXQGHUVWRUH\
RIZLOORZJURZQ IURPFXWWLQJVDQGZLOORZJURZQ IURPELOOHWV P IRU
JURZLQJVHDVRQLQZKLFKZHHGLQJFHDVHG)LJXUH$OWKRXJKQRH[DFW
PHDVXUHPHQWV RI OLJKW ZHUH DYDLODEOH IRU WKH ILHOG H[SHULPHQW VXQOLJKW









9LVXDO REVHUYDWLRQV )LJXUHV  DQG VWDWLVWLFDO DQDO\VHV E\ PHDQV RI
FRUUHODWLRQVEHWZHHQZLOORZVXUYLYDO DQGZHHGFRYHUDEXQGDQFHDQGZLOORZ
FDQRS\ FRYHU DQG ZHHG FRYHU DEXQGDQFH VHHP WR VXSSRUW WKLV DVVXPSWLRQ
+LJKHUZLOORZVXUYLYDOZDVQHJDWLYHO\FRUUHODWHGZLWKZHHGFRYHUDEXQGDQFH
FXWWLQJVPU ELOOHWVPU *UHDWHUFRYHUE\WKH
ZLOORZ FDQRS\ ZDV QHJDWLYHO\ FRUUHODWHG ZLWK FRYHU DEXQGDQFH RI ZHHGV





























































































x +LJKHU QXPEHU RI LQLWLDOO\ SODQWHG FXWWLQJV  FRPSDUHG ZLWK ELOOHWV
VXUYLYHG-XQH'HFHPEHU
x :LOORZV JURZQ IURP FXWWLQJV  W ': KD SURGXFHG VLJQLILFDQWO\




















x 2ORI KDG VLJQLILFDQWO\  ORZHU DERYHJURXQG ELRPDVV SURGXFWLRQ SHU
*''WKDQ7RUDDQG-RUU






x 7RUGLV SUHVHQWHG WKH KLJKHVW VWHPPDVV ':6 IRU D JLYHQ GLDPHWHU '
IROORZHGE\7RUDDQG-RUU






x +LJKHU VXUYLYDO ZDV UHFRUGHG IRU FXWWLQJV LQZHHGHG SORWV WKDQ LQ
XQZHHGHG SORWV  DQG IRU ELOOHWV LQ ZHHGHG SORWV  WKDQ LQ
XQZHHGHGSORWV-XQH'HFHPEHU
x $ERYHJURXQG ELRPDVV SURGXFWLRQ RI ZLOORZ JURZQ ZLWKRXW ZHHGV ZDV
VLJQLILFDQWO\KLJKHUWKDQIRUZLOORZVJURZQZLWKZHHGV
x )RU DJLYHQGLDPHWHU ' WRWDO DERYHJURXQGPDVV ':$ DQG VWHPPDVV








































$EUDKDPVRQ /3 9RON 7$ 6PDUW /% 	 &DPHURQ .' Shrub willow biomass producer's 







ZHHGIORUDGXULQJWKHILUVWKDUYHVWF\FOHBiomass and Bioenergy, SS
$OEHUWVVRQ-9HUZLMVW75RVHQTYLVW++DQVVRQ'%HUWKROGVVRQ12	cKPDQ,(IIHFWV
RIPHFKDQLFDOZHHGFRQWURORUFRYHUFURSRQWKHJURZWKDQGHFRQRPLFYLDELOLW\RIWZRVKRUW
URWDWLRQZLOORZFXOWLYDUVBiomass and Bioenergy, 6XSSOHPHQW&SS
$QRQ\PRXV  8OWXQD FOLPDWH VWDWLRQ 6/8 8SSVDOD 6ZHGHQ $YDLODEOH DW
KWWSJURGGHQHYSVOXVHVOXBNOLPDWVOXBILOHVG\JQKWPO>@
$UHYDOR%0&9RON$7%HYLODFTXD(	$EUDKDPVRQ/'HYHORSPHQWDQGYDOLGDWLRQRI
DERYHJURXQGELRPDVVHVWLPDWLRQV IRU IRXUSalix FORQHV LQFHQWUDO1HZ<RUNBiomass and 
Bioenergy, SS
$URUD 5 5RZODQG /- 	 7DQLQR .  ,QGXFWLRQ DQG UHOHDVH RI EXG GRUPDQF\ LQ ZRRG\
SHUHQQLDOVDVFLHQFHFRPHVRIDJHHortscience, SS
$XJXVWVRQc6 .lUOYl[WIORUDQ LRGOLQJDUDY6DOL[ MlPI|UWPHGWUDGLWLRQHOOD MRUGEUXNVJU|GRU
6ZHGLVK8QLYHUVLW\RI$JULFXOWXUDO6FLHQFHV,QVWLWXWLRQHQI|U/|YWUlGVRGOLQJYROXPH
$XJXVWVRQc6 /LQG$	:HLK0  )ORULVWLVNPnQJIDOG L 6DOL[RGOLQJDUSvensk botanisk 
tidskrift, SS
%DUNHU -+0DWWKHV0$UQROG*0 (GZDUGV.- cKPDQ , /DUVVRQ 6	.DUS$ 
&KDUDFWHULVDWLRQRIJHQHWLFGLYHUVLW\LQSRWHQWLDOELRPDVVZLOORZVSalixVSSE\5$3'DQG
$)/3DQDO\VHVGenome, SS
%DXP 6 %ROWH $ 	 :HLK 0 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Table S1. Weed species identified in correspondence analysis (CA) and canonical correspondence 
analysis (CCA) in the field experiment (Paper II) and in the long-term field experiment (Paper IV). 
Abbreviated names of plant species are used in Figures 10 and 12 that were not presented in any 
of the Papers I-IV in this thesis.  
1R 1DPHRISODQWVSHFLHV $EEUHYLDWLRQ
 Acer platanoides/ $SOD
 Achillea millefolium / $FKPLO
 Ammophila arenaria //LQN $PPDUH
 Anthemis arvensis / $QWDUY
 Anthriscus sylvestris+RIIP $QWV\OY
 Arctium tomentosum0LOO $UFWWRP
 Arrhenatherum elatius /3%HDXYH[-	&3UHVO $UUKHODW
 Artemisia vulgaris/ $UWYXO
 Atriplex VS/ $WUVS
 Bunias orientalis/ %XQRULHQW
 Capsella bursa-pastoris/0HGLN &DSEXU
 Carex sp. / &DUVS
 Carum carvi/ &DUFDU
 Cerastium arvense/ &HUDUY
 Chelidonium majus/ &KHOPDM
 Chenopodium album/ &KHQDOE
 Cirsium arvense/6FRS &LUDUY
 Consolida regalis *UD\ &RQUHJ
 Conyza canadensis /&URQTXLVW &RQFDQ
 Convulvulus arvensis/ &RQYDUY
 Cornus sanguinea / &RUVDQ
 Crataegus monogyna-DFT &UDPRQ
 Dactylis glomerata/ 'DFJORP
 Deschampsia cespitosa/3%HDXY 'HVFHV
 Elymus repens/*RXOG (OUHS
 Epilobium angustifolium/ (SLODQJ
 Epilobium VS/ (SLOVS
 Euphorbia helioscopia / (KHO
 Equisetum arvense / (TDUY




 Festuca pratensis+XGV )HVSUDW
 Festuca rubra/ )HVUXE
 Fragaria vesca/ )UDYHV
 Fumaria officinalis/ )XPRII
 Galeopsis tetrahit/ *DOHWHW
 Galium aparine/ *DODSDU
 Galium odoratum/6FRS *DORGRU
 Galium VS/ *DOVS
 Geranium robertianum/ *HUURE
 Geum urbanum/ *XUE
 Glechoma hederacea/ *OHFKKHG
 Holosteum umbellatum / +XPE
 Hypericum perforatum/ +\SSHUI
 Lactuca muralis /)UHV /DFPXU
 Lactuca serriola/ /DFVHUU
 Lamium album/ /DPDOE
 Lamium purpureum/ /DPSXUS
 Lathyrus pratensis/ /DWKSUDW
 Lathyrus vernus /%HUQK /DWKYHU
 Leucanthemum vulgare/DP /HXYXO
 Lonicera tatarica / /RQWDW
 Lonicera xylosteum/ /RQ[\O
 Medicago lupulina/ 0HGOXS
 Melilotus alba0HGLN 0HODOE
 Myosotis arvensis/+LOO 0\RVDUY
 Papaver dubium / 3GXE
 Phleum pratense/ 3KSUDW
 Plantago major / 3PDM
 Poa annua / 3DQQ
 Poa pratensis/ 3SUDW
 Poa trivialis/ 3WULY
 Poa sylvestris $*UD\ 3V\OY
 Prunus padus/ 3UXSDG
 Ranunculus repens/ 5DQUHS
 RosaVS/ 5RVDVS
 Rubus idaeus/ 5XELGDH
 Rumex crispus/ 5XPFULV
 Sambucus racemosa/ 6DPEUHF
 Senecio vulgaris / 6HQYXO
 Sinapis arvensis / 6LQDUY


 Solanum dulcamara/ 6ROGXOF
 Sonchus arvensis / 6RQDUY
 Sonchus asper/+LOO 6RQDVS
 Sorbus aucuparia/ 6RUEDXF
 Stellaria media/9LOO 6WHOOPHG
 Symphoricarpos albus/6)%ODNH 6\PDOE
 Taraxacum officinale )+:LJJ 7DURII
 Thlaspi arvense/ 7KODUY
 Tragopogon pratensis/ 7UDJSUDW
 Trifolium pratense/ 7ULISUDW
 Trifolium repens/ 7ULIUHS
 Tripleurospermum perforatum /6FK%LS 7ULSSHU
 Tussilago farfara/ 7XVVIDU
 Ulmus glabra+XGV 8OJODE
 Urtica dioica/ 8UWGLRL
 Urtica urens/ 8UWXUH
 Veronica arvensis/ 9HUDUY
 Veronica chamaedrys/ 9HUFKDP
 Vicia cracca/ 9LFFFUDF
 Viola arvensis 0XUU 9LRDUY
 Viola reichenbachiana -RUG 9LRUHLFK
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